A new cobalt-terpyridine redox shuttle ([Co(Cl-phenyl-terpyridine) 2+/3+ redox couple were obtained, probably due to increased recombination processes.
Introduction
Dye-sensitized Solar Cells (DSCs) represent a promising approach to the direct conversion of sunlight into electrical energy at low cost and with high efficiency. [1] [2] [3] [4] 
The photocurrent density is directly related to the charge generation and collection efficiency, which in turn depend upon the dye light-harvesting and the kinetics of electron injection, dye regeneration and charge transport within the cell. As such, a sizable contribution to J sc depends directly on the dye. The DSCs open circuit voltage represents the difference between the quasiFermi level of the semiconductor under illumination and the redox potential of the redox shuttle electrolyte, the latter being nearly constant under operation conditions due to the high concentration of redox species. The quasi-Fermi level (E F,n ) of the semiconductor depends "statically" on the semiconductor conduction band (CB) energy and "dynamically" on the charge density (n) accumulated in the semiconductor, [5] according to the following equation: E F,n =E CB +k B T ln[n/N c ] (2) where N c is the density of states in the semiconductor. A higher semiconductor CB and charge density accumulation in the semiconductor provide a raise of the quasi-Fermi level and thus of the V oc . A more positive redox shuttle potential also leads to an increased V oc . This is exploited in Co(II)/Co(III) electrolytes and in general in transition metal redox shuttle endowed with a tunable redox potential. [6] The I -/I 3 -redox couple in an organic solvent has been considered as the standard highperformance electrolyte in DSCs for many years; all champion DSCs reported up to 2010 were based on such redox couple. [7, 8] Solid state DSCs based on molecular dyes and the spiroOMeTAD solid hole conductor are also actively investigated, delivering top efficiencies of about 7%. [9, 10] The employment of lead perovskites as absorbers and hole conductors, [11] [12] [13] [14] [15] both in traditional TiO 2 -based DSCs [11, [15] [16] [17] and in the recently proposed meso-superstructured solar cells [12, 18] has further boosted the efficiency of solid-state devices, with top efficiency exceeding 12%. [17, 18] Although highly performing, the I -/I 3 -redox couple has several disadvantages, including its high corrosivity towards most of noble metals, except gold, which imposes stringent requisites to DSCs module fabrication. Also, the unfavorable thermodynamics of its complex two-electron redox cycle implies DSCs voltage losses of ca. 600 mV, [19] mainly related to the dye regeneration process. [20] The two-electron / bimolecular nature of the recombination pathway between injected electrons and the oxidized dye or oxidized species in the electrolyte is a key to suppress such parasitic processes, which would reduce both V oc and J sc . [19, 21] A further interesting aspect concerning Co(II)/Co(III) and Fe(II)/Fe(III) redox couples, [32] lies in the observation that including the prototype chenodeoxycholic acid (CDCA) co-adsorbent both in the dye and in the electrolyte solution substantially improved the DSCs performance, both in terms of V oc and J sc . [32, 46] This unprecedented observation seems to be the key to further expanding the applicability of alternative redox couples for high performance DSCs, in line with the reported use of supramolecular chemistry to control charge recombination and other reactions in DSCs, as detailed by Planells et al. [47, 48] .
An interesting conclusion of our previous work concerned the mechanism of regeneration of the oxidized dye by the reduced Co(II) complex, [45] whereby a low-spin/high-spin equilibrium of the Co(II) ions seems to play a role in accessing fast regeneration rates, therefore high short-circuit photocurrent densities. A lower reorganization energy () was calculated for the low-spin regeneration pathway, with bis-tridentate Co(II)/Co(III) complexes (e.g. terpyridine, Scheme 2)
leading to a lower  compared to tris-bidentate species (e.g. bipyridine-, Scheme 2, and phenanthroline-based cobalt complexes) both for the low spin and high spin pathways. 
Experimental section

Materials
All the materials used in this work were used as received, without further purification, if not stated otherwise. The N719 and Z907 dyes the TiO 2 pastes and were purchased from Solaronix. Z907 dye powders were purified by using HPLC (Waters 996, equipped with a photodiode array detector).
The dye powder was solubilized in ethanol and injected in the cromatographic column (Phenomenex Jupiter, 10μm, C18, 250mm x 21mm). The mobile phase consisted of distilled acetonitrile with 0.1% of trifluoroacetic acid (CF 3 COOH). 
Solar cells fabrication and characterization
FTO glass (TEC-15, 2.2 mm thickness, Solaronix) was used for transparent conducting electrodes.
The substrate was first cleaned in a ultrasonic bath using a detergent solution, acetone and ethanol respectively (each step 15 min. long). The FTO glass plates were immersed into a 40 mM aqueous photoanode and Pt counter electrode were assembled into a sealed sandwich-type cell by a hot-melt ionomer film (Surlyn, 25 μm thickness, Dyesol). The electrolyte solution was inserted by vacuum backfilling. Then, the hole was sealed by using additional Surlyn patch and a cover glass and finally a conductive Ag-based paint was deposed at the electrical contacts. 
Computational details
We performed geometry optimization in solution for the investigated series of cobalt complexes.
Co(III) are calculated in a closed shell singlet, while for the Co(II) complexes both doublet (lowspin, LS) and quartet (high spin, HS) spin states were considered. The B3LYP hybrid functional [50] and solvation effects with the continuum polarizable model (PCM) [51] as implemented in the Gaussian09 [52] package program. The 6-311G* basis set was used throughout this study. This computational approach has been already validated in our previous work. [45] The solution free energy between difference the oxidized and the reduced species was compared with the experimental oxidation potentials. Oxidation potentials measured against the NHE electrode were reported against the vacuum level set at -4.44 eV vs. NHE. Reorganization energies were calculated in solution, considering equilibrium solvation. This approach was shown to provide reorganization energy values in close agreement to experimental estimates. [30, 45] 3. Results and discussion
Electrochemical and optical properties
The A comparison of calculated and experimental oxidation potentials for various relevant cobalt complexes is reported in 
Photovoltaic data
The photovoltaic parameters of DSCs using [Co(Cl-phen-terpy) 2 ](TFSI) 2/3 as electrolyte are reported in Table 2 and Figure Regarding the effect of the counter-anion, the lower efficiency reported with the 
